Introduction: This study investigated whether renal and bladder ultrasonography (RBUS) findings performed in children with the first incidence of febrile urinary tract infection (UTI) can predict UTI recurrence, high-grade vesicoureteral reflux (high-grade VUR), or acquired renal scarring (aRS). Methods: In all, 917 children who were admitted to our hospital from January 2001 to October 2010, owing to the first incidence of febrile UTI were enrolled in this study. All children underwent RBUS during admission. The mean followup was 7.9 months (standard deviation [SD]±13.3). UTI recurrence rates were calculated according to various clinical parameters. By using bivariate and multiple logistic regression analyses, we determined whether age, sex, abnormal RBUS findings, abnormal dimercaptosuccinic acid renal scan findings, or RBUS findings parameters were predictive of UTI recurrence, high-grade VUR, or aRS. Results: On RBUS, hydronephrosis and congenital anomaly of the kidney and urinary tract significantly predicted UTI recurrence. A small kidney, hydroureter, hydronephrosis, cortical thinning, and increased parenchymal echogenicity significantly predicted high-grade VUR. However, their odds ratios (OR) are low compared to normal RBUS findings (recurrent UTI: OR 0.432 and 0.354 vs. 0.934, respectively, high-grade VUR: . 019, 0.329, 0.126, 0.058, and 0.188 vs. 2.082, respectively). No RBUS findings significantly predicted aRS. Recurrent UTI, highgrade VUR, and abnormal RBUS findings significantly predicted aRS (OR of 4.80, 4.61, and 2.58, respectively). Conclusion: RBUS is necessary to exclude severe congenital renal scarring, obstructive uropathy, and renal abscess at the first incidence of febrile UTI and is helpful in determining the need for subsequent clinical imaging. .
Introduction
The purpose of renal and bladder ultrasonography (RBUS) in the first episode of febrile urinary tract infection (UTI) is to detect anatomic abnor malities that require further evaluation, e.g., additional imaging or urologic consultation 1) . RBUS also evaluates the renal parenchyma and renal size that can be used to monitor renal growth 1) . The timing of RBUS depends on the clinical scenario. RBUS performed early in the course of an acute infection can be misleading; animal studies have demonstrated that dilation due to Escherichia coli endotoxin during acute infection can be confused with hydrone phrosis, pyonephrosis, or obstruction 2) . Changes in kidney size and shape and increased echogenicity of the renal parenchyma attributable to edema also are common during acute infection.
The American Association of Pediatrics recommended in 2011 that voiding cystourethrography (VCUG) should not be performed routinely after the first incidence of febrile UTI; VCUG is indicated if RBUS reveals hydrone phrosis, scarring, or other findings that would suggest either high grade vesicoureteral reflux (VUR) or obstructive uropathy as well as in other atypical or complex clinical circums tances (evidence quality B) 1) . Most infants with febrile UTI have been admitted to secon dary or tertiary hospitals because of concerns about acquired renal scarring or urosepsis and underwent RBUS during acute infection. Mild to moderate hydronephrosis is often detected on RBUS in children with UTIs, especially in young infants. Severe congenital scarring or obstructive uropathy is uncommon; detection of these findings is an indica tion for a second imaging study. No definitive literature exists regarding whether RBUS findings are associated with UTI recurrence, presence of highgrade VUR, or acquired renal scarring.
This study aimed to investigate whether RBUS findings in children experiencing the first incidence of febrile UTI can predict UTI recurrence, highgrade VUR, or acquired renal scarring, and whether RBUS findings can indicate whether subsequent imaging studies are needed.
Materials and Methods
This study included 1003 children who were admitted to our hospital from January 2001 to October 2010, owing to their first incidence of febrile UTI. In all, 86 children in this group who did not undergo RBUS were excluded; 917 children were enrolled in this study. Febrile 4) , swelling or thinning of renal parenchyma, increased renal paren chymal echogenicity, poor differentiation of cortico medu llary junction, renal pelvic wall thickening, bladder wall thickening, or other congenital anomaly of the kidney and urinary tract (CAKUT). Positive DMSA findings were defined as small kidney, focally or diffusely decreased cortical uptake, or loss of renal contour. Congenital renal scarring defined by small kidney with decreased relative renal uptake of less than 40% with a smooth renal contour without focal uptake defects on DMSA scan. Acquired renal scarring defined as presence of any focal uptake defect on followup DMSA scan. Highgrade VUR in VCUG were defined by grade 4 and 5 VUR. A single pediatric radiologist assessed the RBUS scans; the DMSA scans were interpreted by both a nuclear medicine consultant and a pediatric nephrologist. Duration of followup was determined according to the duration of outpatient clinic followup. Personyears were calculated in children with an episode of UTI recurrence by subtracting age at study start date from age at the last episode of recurrent UTI; they were calculated in children without an episode of UTI recurrence by subtracting age at study start date from age at study end date. UTI recurr ences were confirmed with retrospective chart reviews as well as direct contacts by telephone with patients' parents. All data were analyzed retrospectively.
Statistical analysis
All variables are presented as the mean ± standard devia tion (SD), and continuous variables were analyzed using the MannWhitney U test (2tailed probability). Correlations were analyzed using the Pearson correlation coefficient, Spearman's rank correlation coefficient, and Kendall tau correlation coefficient (twotailed probability). To determine whether RBUS findings predict UTI recurr ence, high grade VUR, or acquired renal scarring in children with the first febrile incidence UTI, bivariate and multiple logistic regression analyses (MLRA) were used. Statistical analysis was performed using SPSS statistics 20 (SPSS Inc., Chicago, IL, USA). Statistical significance was defined as P < 0.05.
Results
Demographic findings of the study population are shown in Table 1 . UTI recurrence rate in this study was 12.9%. VUR was detected in 20.6% and highgrade VUR was detected in 50.7% among VUR patients, respectively. Congenital renal scarring was detected in 16 patients (2.0%). Acquired renal scarring was detected in 50% of 132 children who underwent a followup DMSA scan. The mean follow up period was 7.9 ±13.3 months. Duplex kidney, rotational anomaly of the kidney, renal cyst, poly cystic kidney, multi cystic dysplastic kidney, urachal remnant, renal abscess, and nephrocalcinosis were detected in 15, 1, 1, 3, 2, 1, 3, and 1 patients, respectively.
The mean age of male patients was less than that of female patients (7.3 vs. 17.1 months, P < 0.001 ). The recurrence rate of UTI was not meaningfully different between males and females (P > 0.05). In this study population, 2.2% children experienced 3 or more episodes of recurrent UTI. The recurrence rate of UTI was high in children with opera tion of VUR, highgrade VUR, grade III VUR, VUR, con genital renal scarring, less than 40% of relative renal uptake on DMSA scan, abnormal DMSA scan findings, and abnormal RBUS findings in sequence (62.5%, 59.7%, 46.7%, 41.5%, 40.9%, 35.5%, 20%, and 18.7%, respectively) ( Table 1) .
According to RBUS findings, MLRA of predicting UTI recurrence, highgrade VUR, and acquired renal scarring is shown in Table 2 . By MLRA, hydronephrosis and CAKUT significantly predicted UTI recurrence in the future (P=0.034 and 0.048, respectively). By correlation analysis, hydrour eter, hydronephrosis, and CAKUT were correlated with UTI recurrence (P=0.045, 0.000, and 0.012, respectively). By MLRA, presence of a small kidney, hydroureter, hydronephrosis, increased parenchymal echogenicity, and cortical thinning were significant risk factors associated with highgrade VUR (P=0.000, 0.002, 0.000, 0.005, and 0.012, respectively). By correlation analysis, presence of a small kidney, hydroureter, hydronephrosis, and cortical thinning were correlated with the presence of highgrade VUR (P=0.000, 0.003, 0.000, and 0.000). By MLRA, none of RBUS findings predicted acquired renal scarring. By correlation analysis, CAKUT only was correlated with the presence of acquired renal scarring (P=0.006). Table 3 showed bivariate logistic regression analysis with odds ratio (OR) to predict UTI recurrence, high grade VUR, and acquired renal scarring according to various parameters, compared with abnormal renal sonogram findings. The presence of VUR and highgrade VUR was significant risk factors for UTI recurrence (P=0.045 and P=0.003, respectively). Abnormal RBUS findings, abnormal DMSA scan findings, and UTI recurrence significantly predicted highgrade VUR (P=0.024, 0.003, and 0.001; ORs of 2.64, 5.53, and 4.27, respectively). Abnormal RBUS findings, highgrade VUR, and UTI recurrence were signifi cant factors for prediction of acquired renal scarring (P= 0.031, 0.017, and 0.002; ORs of 2.58, 4.64, and 4.82, respectively).
Discussion
Recurrent UTI and high grade VUR are widely known risk factors of acquired renal scarring in children 5, 6) .
Generally, the recurrence rate of UTI is about 1020% 7) . Therefore, at least 80% of children who experience the first incidence of febrile UTI are unlikely to experience recurrent UTI, further imaging studies, and suspected progressive chronic renal damage. The exceptions include cases accompanied by severe congenital renal scarring even though there was a report 6) that earlier detection of highgrade VUR was more associated with chronic renal injury in the future. Fortunately, severe congenital renal scarring could be leached out by RBUS in the form of small or dysplastic kidney. It is unclear whether early detection of acquired renal scarring or highgrade VUR is more important. However, the authors suggest that early detection of the presence of acquired renal scarring or recurrent UTI are more important because these are more sensitive indicators for surgical management of VUR in children than early detection of highgrade VUR itself, since there is no current prophyl actic approach for recurrent UTI in children with high grade VUR.
Soliman et al. reported that increased resistivity index, pulsatility index, and decreased diastolic/systolic ratio in both arcuate and interlobar arteries on renal duplex Doppler ultrasonography were observed in recurrent UTI patients and scarred renal units 8) . However, renal Doppler sonogram is not a practical method in uncooperative young children. Katzir et al. reported that neonates with extra renal pelvis had an increased UTI incidence unrelated to VUR within the first two years 9) . In this study, extra renal pelvis was included as a parameter of hydronephrosis. Juliano et al. reported that 15% of children experiencing UTI with normal RBUS results had recurrent UTIs and that 7% of them experienced surgical intervention 10) . In this study, 6.6% of UTI children with normal RBUS results had recurrent UTI. Among abnormal RBUS findings, hydronephrosis and CAKUT were significant in prediction of recurrent UTI. However, their ORs (0.432 and 0.354) were low com pared to cases with normal RBUS findings (OR 0.934). Therefore, children with hydronephrosis or CAKUT at the first febrile UTI were not more likely to develop more frequent UTI than children with normal RBUS findings. Gordon et al. reported that uroepithelial thickening is associated with increased risk of high grade VUR and is an abnormal finding warranting VCUG 11) . However, in this study, renal pelvic wall thickening on RBUS was not associated with risk of high grade VUR. Kovanlikaya et al. reported that normal RBUS is rare with high grade VUR and that reflux grade was significantly associated with the degree of hydronephrosis 12) . Therefore, they suggested that RBUS is a good diagnostic screening tool for VUR 12) .
However, Massanyi et al. reported that RBUS has poor sensitivity and negative predictive value for detecting high grade VUR in patients under 2 years who present with a febrile UTI 13) . In this study, presence of a small kidney, hydroureter, hydronephrosis, cortical thinning, and increased parenchymal echogenicity were significant factors to predict high grade VUR. However, these factors' respec tive ORs were lower (0.019, 0.329, 0.126, 0.058, and 0.188, respectively) compared to cases with normal RBUS findings (OR 2.082). Therefore, children with hydroureter, hydronephrosis, cortical thinning, or increased paren chymal echogenicity at the first febrile UTI were not more likely to experience high grade VUR than children with There has been no previous literature on evaluation of the RBUS parameters associated with development of acquired renal scarring. This study showed that no RBUS findings were associated with acquired renal scarring. In order to confirm the presence of acquired renal scarring, a DMSA scan should be performed if clinically appropriate, regardless of the number of UTI recurrences or the presence of VUR. The authors suggest that a DMSA scan should be performed at least after the second episode of febrile UTI, except in cases with congenital renal scarring, regardless of RBUS findings at the first febrile UTI, because early detection of the presence of acquired renal scarring is a more sensitive indicator for surgical management of VUR than early detection of high grade VUR itself.
This study had some shortcomings. Data for this study was analyzed retrospectively. A sterile urine bag was used for urine culture in children under 2 years of age. RBUS was performed during the period of acute infection. Relati vely few cases that received followup DMSA renal scan.
In summary, among RBUS findings, hydronephrosis and CAKUT predict UTI recurrence. Presence of a small kidney, hydroureter, hydronephrosis, cortical thinning, and increased parenchymal echogenicity predict high grade VUR. However, compared to cases with normal RBUS finding, these factors are not useful parameters to predict UTI recurrence or highgrade VUR. RBUS is a necessary tool to exclude severe congenital renal scarring, obstructive uropathy, and renal abscess at the first incidence of febrile UTI. Furthermore, RBUS is clinically helpful in determining whether the next imaging study should be done.
